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The close, fast, comfortable electric shave. ©North American Philips Company, Inc., 100 East 42nd Street, New York, N. Y. 10017 


ANSWERS TO 


BRAIN TEASERS 
(see page 21) 


Announcing- Regional Entry Dates for the 


1968 Scholastic Art Awards 


Outstanding students in 47 regional exhibitions will receive 
gold achievement keys and merit certificates, and sponsors will 
forward finalist entries to national headquarters in New York. 
Here the work will be judged for the National High School Art 
Exhibition, to be held in the spring at the Union Carbide Exhibi- 
tion Hall. National awards of gold medals, cash prizes, and 
scholarships await the most talented students. 


If your high school is in an area without regional exhibitions 
or eliminations, participation is limited to seniors applying for 
scholarships. (This limitation does not apply to photography 
entries.) The rules book will give you complete information for 
preparing and submitting work. Ask your art teacher or write 
(on a postcard) for a rules book to SCHOLASTIC ART AWARDS, 


Straightaway 


ALABAMA (State) Feb. 5-10 
Loveman’s Birmingham 


ARIZONA (State) Feb. 4-10 
Valley National Bank, Phoenix 


CALIFORNIA (Southern) Jan. 2-6 
Bullock’s, Los Angeles 


CALIFORNIA (Southeast) Jan. 15-27 
The Harris Company, Riverside 


CALIFORNIA (Central & North) Jan. 15-20 
Rhodes, Oakland, Fresno, Sacramento 


COLORADO (State) Jan. 29-Feb. 3 
.May-D&F, Denver 


CONNECTICUT (State) Jan, 14-21 
The Hartford Courant 


DISTRICT OF COLUMBIA and six 
adjacent VA. and MD. counties, 
Jan. 29-Feb. 3 

The Hecht Co., Washington 


FLORIDA (State) Jan. 8-13 
Burdine’s, Miami 


HAWAII (State) Jan. 12 
The Honolulu Advertiser 


ILLINOIS (Central, Northwest) Jan. 21-27 
Bergner's, Peoria and Weise's, Rockford 


ILLINOIS (East Central) Feb. 12-16 
Carson, Pirie, Scott & Co., Ottawa 


ILLINOIS (Eastern) Jan. 29-Feb. 3 
Robeson's, Champaign 


ILLINOIS (Chicago) Jan. 22-26 
J. Wieboldt Stores, Inc., Chicago 


ILLINOIS (Evanston-Lake Shore) 
22-27 


an. 
Wieboldt's, Evanston 


ILLINOIS (Oak Park Area) Jan. 22-27 
Wieboldt's, Oak Park 


ILLINOIS (Meadowdale) Jan. 22-27 
Wieboldt's, Carpentersville 


ILLINOIS (Randhurst) Jan. 22-27 
 Wieboldt's, Mount Prospect 


INDIANA (Central) Jan. 15-20 
L. S. Ayres & Co., Indianapolis and 
_ The Indianapolis Star 


JNDIANA (Northwestern) and three 
adjacent MICH. countles, Jan. 23 
Robertson's of South Bend 


KANSAS (State) Jan. 22-26 
Greater Downtown Wichita and 
The Wichita Eagle & Beacon 


MASSACHUSETTS (State) Jan. 10-17 
The Boston Globe 


MICHIGAN (Northern) Jan. 22-26 
Abitibi Corporation, Alpena 
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ENTRY DATES AND SPONSORS FOR REGIONAL EXHIBITIONS 


MICHIGAN (Southeast) Jan. 29-Feb. 3 

Crowley's, Detroit and The Detroit News 

MISSISSIPPI (State) Feb, 19-24 

McRae’s, Jackson 

MISSOURI (Western) and four adjacent 
KANSAS counties, Feb. 5-10 

Emery, Bird, Thayer, Kansas City 

MISSOURI (Eastern) and two adjacent 
ILL. counties, Jan. 17-23 

Famous-Barr Co., St. Louis 

NEBRASKA (State) Jan. 18-25 

J. L. Brandeis & Sons, Omaha 

NEW JERSEY (Northern) Jan. 29-Feb. 3 

M. Epstein, Morristown 

NEW YORK (Central) Jan. 3-13 

Mutual of New York, Syracuse 

NEW YORK (South Central) 
Jan. 29-Feb. 3 

Roberson Center for the Arts & Sciences, 
Binghamton 

NEW YORK (Central West) Jan. 15-20 

Sibley, Lindsay & Curr Co., Rochester 

NORTH CAROLINA (West) Jan. 29-Feb. 3 

Belk’s Department Store, Asheville | 

NORTH CAROLINA (Central Piedmont) 
and VIRGINIA (Piedmont) Jan. 21-27 

WFMY:-TV, Greensboro 

NORTH CAROLINA (South Piedmont) 
Jan. 29-Feb. 2 

North Carolina National Bank, Charlotte 
and The Charlotte Observer . 

OHIO (Cuyahoga County) Jan. 8-17 

The Halle Bros. Co., Cleveland 

OHIO (Northwestern) Jan. 22-27 

Lamson’s, Toledo 

OHIO (Central Western) Jan. 29-Feb. 3 

Lima Mall, Lima 

OHIO (Northeast Central) Jan. 29-Feb. 3 

O'Neil's, Akron 


OHIO (Southern) Jan. 1-6 


Shillito's, Cincinnati 


PENNSYLVANIA (Western) Jan. 17-24 
Kaufmann's, Pittsburgh 


RHODE ISLAND (State) Jan. 19-20 
Gladding's, Providence 


SOUTH CAROLINA (State) Jan. 8-13 
Liberty Life Insurance Co., Greenville 
TENNESSEE (Western), Northeastern 
ARK., Northern MISS., Jan. 28-Feb. 3 
B. Lowenstein & Bros., Memphis 
TEXAS (Northwest) Jan. 29-Feb. 3 
White & Kirk, Amarillo 
TEXAS (Southeastern) Jan. 29-Feb. 3 
Foley's, Houston : 
WISCONSIN (State) Jan. 22-26 
Gimbels-Schusters, Milwaukee 


A 


Spotted Snails 


The snails remaining are white with 
green spots, and yellow with a com- 
bination of red, blue, and green spots. 


Pinched Pennies 


The problem is to find the least 
common denominator for two, three, 
four, five, six, and seven. Any number 
which can be divided evenly by six 
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can also be divided evenly by two and 
three, Four and six both divide evenly 
into twelve. Thus, 12x5 x7=420 
pennies, 


Editor’s Choice 


Stand the yardstick upright and mark 
the length of its shadow. Then measure 
the length of the flagpole’s shadow. 
The ratio between the length of the 
yardstick and the length of its shadow 
will be the same as the ratio between 
the length of the flagpole and the 
length of its shadow. In this way, the 
length of the pole can be determined. 
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Cover photo: Dr. Harold E. Edgerton 


Our Front Cover 


Splash! A milk drop has fallen from a height of 18 
centimeters onto a plate covered by a thin layer of 
milk. The result is captured by a high-speed camera 
using an exposure of 1/10,000 of a second. Impressed? 
New techniques of ultrahigh-speed photography make 
this kind of speed seem tortoise-slow. Read the eye- 
opening details in the article beginning on page 4. 


Drawing by Ted Blake 
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A half-microsecond burst of light stopped the bullet in this 
photograph. Ultrashort flashes of light are a key method in 
ultrahigh-speed photography. Sound of rifle triggered photo. 
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All photos from Dr. Harold Edgerton 


OULD YOU sense the difference between a nano- 
second and a microsecond? 

No — even though one is a thousand times longer than 
the other. A nanosecond is a billionth of a second, and 
a microsecond is a millionth of a second. The human 
senses simply cannot distinguish time differences of such 
short duration. 

Scientists have long studied events that take place 
in extremely short periods of time. But it is only recently 
that they have learned to “freeze” time. How do they 
do it? They use cameras that stop rapid events by re- 
cording them permanently on film. Then the scientists 
can study the resulting photographs at leisure, 


Much of the equipment used for picturing rapid 
events is not the sort you'd usually find in a photog- - 
rapher's gadget bag. The high-speed apparatus is heavy, - 
elaborate, delicate — and expensive. An ordinary photog- 
rapher with ordinary equipment would find it rather 
difficult to take the kinds of pictures you see on these 
pages. . | 

Some of the most dramatic high-speed photos have 
been made by Dr. Harold E. Edgerton, professor of 
electrical engineering at M.I.T. Actually, Dr. Edgerton 
used a standard press camera to take the photo shown 
here of the bullet slicing the playing card. How did he 
do it? | | 

Dr. Edgerton relied on a special high-speed electron- 
ic flash unit that he engineered himself. Such a flashgun 
emits an extremely intense burst of light for an ex- 
tremely short duration — one half a microsecond. - 

The flash unit was synchronized with the camera's 
shutter. That is, it flashed at the precise moment the 
shutter was open. Actually, the shutter was open for 
about 1/500 of a second, long enough for the bullet to 
move and make a blur on the film. Why didn't it? Be- | 
cause the film selected could be exposed only by the 
bright light of the flash. (The room was darkened.) 


Continued on next page 
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Three at a blow: Short-duration, high-intensity flash stopped bullet and caught balloons in various stages of bursting. 


Ultrahigh-speed Photography continued 


The duration of the flash was short enough — one half 
a microsecond — to catch the bullet in mid-flight. 

Even if a photographer owned one of Dr. Edgerton's 
flash units, he would still have a difficult time duplicat- 
ing Dr. Edgerton’s photo. Why? The photographer 
would not be able to act fast enough to snap the 
camera and flash unit in time to photograph the bullet. 

The problem here is reaction time — the time it takes 
for a person to take action upon receiving a stimulus. 
Here, the action is snapping the shutter; the stimulus 
is hearing the sound of the rifle. Reaction time can vary 
from a few hundredths to several tenths of a second. 
After so long a time, the bullet would have passed out 
of camera range. 


Laser “Flashbulbs” 


What did Dr. Edgerton do to overcome the reaction- 
time problem? He placed a microphone near the muzzle 
_ of the rifle to pick up the sound of the rifle as it was 
fired! The signal from the microphone triggered the 
camera and flash unit. 

The field of high-speed photography has advanced 
rapidly since Dr. Edgerton's first pioneering pictures. 
Pictures taken a few years ago at speeds of thousandths 
and hundredths of thousandths of a second are now 
considered slow. Today, scientists and engineers are 
working in the region of ultrahigh speed. They freeze 
events that occur in from less than 50 microseconds 
down to a few nanoseconds. That’s fast! 

_ Photographic instrumentation engineers (we'll call 
them p.ie.s for short) are the breed of scientists and 
engineers who work in the field of high- and ultrahigh- 
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speed photography. Of course, p.ie.’s work on other 
photographic problems as well. The key word is instru- 
mentation — the design and making of measuring and — 
recording instruments. The instruments p.i.e/s work on 
are photographic — such as cameras, light sources, 
lenses, and shutters. They are also interested in films 
and film processing, since these, too, are vital for picture 
taking. 

New scientific principles and implements quickly 
find their way into the p.ie/s bag of tricks. Thus, in 
ultrahigh-speed photography, the laser is a powerful 


Rifle bullet makes short shrift of plywood block. Note how 
debris is sent rearward as well as forward of bullet's path. 
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. Senior Science graphic 
Kerr cell is a shutter with no moving parts. When voltage is 
applied to solution at center, light can pass through polarizers. 


tool. The laser emits an intense beam of light that can 
be pulsed in very short bursts. The beam can be focused 
very accurately, and the light is of a single wavelength 
or a very narrow band of wavelengths. How are these 
properties useful in ultrahigh-speed photography? 

One of the problems that lasers have solved is the 
photography of objects that give off intense light of their 
own. A typical study is on how the filaments of light 
bulbs and electronic tubes behave as they heat up. Since 
a filament emits strong light itself, details of the glow- 
ing metal are obscured by brilliant light when photo- 
graphed. A specially designed laser that emits a brighter 
light than the filament itself is used to take the filament's 
picture. Special light filters — colored transparent glass 
or gelatin that transmits only a narrow range of colors 
and absorbs all others — and special film are used. The 
filters absorb most of the light from the filament, and 
the film is sensitive mainly to the laser's light. The laser 
light, of course, is transmitted by the filter. 


X-raying Mortar Shells 


Timing and synchronization of lights, camera, and 
action are vital. So, p.ie/s have to build a good sense 
of timing into their equipment. Knowledge of high- 
speed electronic switching and a lot of trial-and-error 
testing go into making things happen on time. 

Ordinary cameras split seconds with their shutters. 
The shutters are thus mechanical “light valves.” A typi- 
cal shutter of an inexpensive camera is a leaf shutter. It 
consists of one or several thin pieces of metal attached 
to a spring arrangement. The shutter normally keeps 
light from exposing the film in the camera. But when 
the shutter is tripped, the metal leaves are pulled out 
of the way by the springs, to allow light to enter the 
camera and expose the film. The springs also close the 
shutter after the exposure. 

The most refined of leaf shutters usually are not 
faster than 1/500 of a second. The fastest shutters in 
expensive cameras are of different design. Such shutters 
have a top speed of 1/2,000 of a second. Obviously, 
no mechanical shutter even approaches the realm of 
ultrahigh speeds. | 









Multiple bursts of high-speed flash unit make continuous record 
of action. Golfer's swing is study in motion on one photograph. 


One of the most cleverly designed shutters used in 
ultrahigh-speed photography has no moving parts! The 
shutter is known as the Kerr cell. It consists of two 
pieces of light-polarizing material, oriented so that light 
does not normally pass through them. Between the 
polarizers is a transparent cell containing a liquid — 
usually the chemical nitrobenzene — which is called 
electro-optically active. There are two metal plates — 
electrodes — at the top and bottom of the liquid cell, 
immersed in the fluid and out of the light path. When an 
ultra-short pulse of electric current of from 15,000 to 
40,000 volts is passed through the fluid, light passes . 
through the polarizers. What has happened? The volt- 
age orients the molecules in the liquid in such a way 
as to make them change the polarization of the light. 
When the current is turned off, no light passes. The 
Kerr cell is capable of exposure times as short as 5 
nanoseconds. | 

Other tricks used in ultrahigh-speed photography 
include techniques for taking ultrahigh-speed X-ray 
pictures of fast-moving objects. At the Systems and In- 
struments Division of the Bulova watch company, engi- 
neers who work on safety devices in artillery and mortar 
shells use ultrahigh-speed X-ray photos to check their 
handiwork. Why X rays? The moving parts are inside 
the metal casing of the shell. Photos are taken as the 
shell leaves the cannon and just before impact. 

An umpire looking at the Bulova p.i.e.'s output would 
call it “fast and inside.” 

— RoserT L. WERSAN 
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Beryllium 


Senior Science graphic 


B Periodic chart of the elements is organized to reflect their 
e similarities as well as their differences. Rare earths are so 
much alike chemically that they are isolated in separate row. 
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Once believed useless, these misnamed elements are now coming into their own 


I THANUM, cerium, praseodymium, neodymium, 

promethium, samarium, europium, gadolinium, 
terbium, dysprosium, holmium, erbium, thulium, ytter- 
bium, Juletium] 

Is this some kind of “name game"? No. These are the 
15 queer ducks of the periodic table— the rare earth 
elements. 

"Rare earth" is a misnomer, for these elements are 
neither rare nor “earths.” They were saddled with this 
name because their earth-like oxides — oxygen com- 
pounds — were once mistaken for the elements them- 
selves. 

As for rarity, there is more cerium in our planet's 
crust than tin. And thulium, almost the rarest of the 
group, is twice as abundant as silver. Only promethium 
is truly rare. It has been produced artificially by fission- 
ing uranium in nuclear reactors. But it has never been 
found in nature. | 

What's more, the rare earths are no more earthy than 
gold, copper, or iron. They are all metals. Like many 
metals, in pure form they are shiny, silver-grey sub- 
stances. Unlike most metals, however, they are extremely 
expensive. Although thulium is 40 times more abundant 
than gold, it costs up to seven times as much — $4,000 
a pound. Why? 


The answer lies in the chemistry of the rare earths. 


These elements form a closely knit family. Indeed, they 
are chemical “twins.” They might easily be lumped to- 
gether into the same “box” in the periodic table — the 
place reserved for lanthanum, atomic number 57. This 
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is why the rare earths, elements 57 to 71, are sometimes 
called the lanthanide series. In the periodic table, they 
form an isolated row strung out behind lanthanum. But 
why should the chemical similarity of these elements 
inflate their price? 

Because, in their chemical activity, they are as ius 
alike as peas in a pod. It is therefore very difficult to 
obtain pure rare earth elements and their compounds. 
They are always found together in minerals, and they 
defy separation. 

Lets dig up a hypothetical ore. It contains silicon 
dioxide (sand) and the rare-earth compound holmium 
bromide. Holmium bromide dissolves in water. Silicon 
dioxide does not. 


Water Does the Trick 


In order to separate holmium bromide from silicon 
dioxide we need only grind up a sample of the ore, mix 
it with water, and filter the mixture. The sand remains 
behind in the filter paper while the solution of holmium 
bromide flows through. If we then evaporate the water, 
by heating the solution, we will be left with a light 


yellow powder — holmium bromide. 


But what if your ore contained almost all the rare 
earths — the usual situation? The members of this 
family react almost identically when treated. with sol- 
vents. It therefore becomes very expensive to isolate 
them. 

What makes these elements so much alike? The same 
thing that makes them different: their atomic structure. 





Wesinohoess photo 
Technician places material containing europium oxide into elec- 
tric furnace. Reaction at temperature above melting point of 
steel yields bright-glowing red phosphor for color TV tubes. 


As you know, an element is uniquely that element be- 
cause of the number of protons in the nucleus of its 
atom. All atoms that contain one proton are hydrogen 
atoms. Those that contain two protons are helium atoms. 
With three protons in the nucleus, you have lithium; 
and so on. Protons make the differences. 

What makes the similarities between these elements? 
To a great extent, the electrons that whirl around the 
nucleus of the atom. Of special importance are the 
outermost or valence electrons. Hydrogen and lithium 
have one valence electron. Helium has two. Result? Both 
hydrogen and lithium are highly reactive. They combine 
easily with other atoms. Helium, so far as we know, is 
totally unreactive — inert. 

Each of the 15 different rare earth atoms contains a 
different total number of electrons. But all have the 
same number of valence electrons — three. This common 
valence number (together with other resemblances in 
atomic structure) accounts for the close similarity of 
their chemical properties. 

Fortunately, the rare earths are not identical. Chemists 
take advantage of the differences, however slight, to 
isolate them and their compounds. But why take the 
trouble? 


Rare earth ore is 
extracted from open 
pit mine at Mountain 
Pass, California. 
‘More than 10,000 
pounds of ore are 
needed to yield one 
pound of europium 
oxide. This can be 
used to coat 400 
color TV tubes with 
new red phosphor. 


You can “see” one reason when you watch a new- 
model color television set in operation. Notice that the 
colors appear much brighter than those of previous 
models. The reason? New picture tubes are coated with 
a brighter red phosphor. (A TV phosphor glows when 
bombarded by electrons, producing the picture on the 
TV screen.) The new phosphor: europium oxide. 

Actually, color TV tubes are coated with three phos- 
phors — red, green, and blue. In the past, the red phos- 
phor was much less bright than the others. The green 
and blue phosphors had to be “toned down" to obtain a 
color-balanced picture. Since europium oxide is about 
40 per cent brighter than the previous red phosphor, 
the blue and green phosphors can now be used at 
greater strength. Result: “zingier” color. 

Other rare earths have contributed to science and 
technology. Lanthanum is used in camera lenses. Ce- 
rium makes jet engine alloys heat-resistant. And lutetium 
may make the greatest contribution of all. The unusual 
behavior of this element is prompting new thinking 
about the nature of the universe. 


Fast Fission Rate 


Three years ago, while bombarding some lutetium 
with alpha particles (helium nuclei) in a cyclotron, Dr. 
J. W. Cobble of Purdue University made a startling dis- 
covery. The nuclei of lutetium atoms underwent fission, 
or split, at a rate 100 times greater than scientists had 
predicted. 

To reveal this phenomenon, Dr. Cobble had to devise 
sensitive techniques for detecting extremely low rates 
of fission — only one of every 100,000,000 atoms in a 
sample. 

The discovery, and the techniques leading up to it, 
could lead to new insights into the workings of the 
universe. For fission, as well as fusion, is a funda- 
mental natural process. They play a vital role in the 
distribution and abundance of all the elements in the 
universe. 

The potential significance of lutetium research is 
striking. Yet this element was described as having "no 
practical value" only a few years ago. 

Do some of the other “valueless” rare earths have 
surprises? Scientists are eager to find out. 

— CARL PROUJAN 


Molybdenum Corporation of America photo 








Mt. Wilson and Palomar Observatories 


The Great Nebula in Andromeda closely resembles our galaxy in size—about 100,000 light years across, with some 100 billion stars. 


YINCE THE DAWN of civilization, man has meas- 
ured the size of things by using his own body as a 

standard of comparison. | 

The ancient Egyptians built their pyramids and meas- 
ured their fields with the help of the cubit — roughly the 
distance between the elbow and the end of the middle 
finger (about 20 inches). In England, the length of a 
king's arm was decreed to equal a yard, and three barley 
corns laid end to end were an inch. For many centuries, 
such concepts of size were sufficient for most practical 
uses — measuring the length of a piece of cloth, the 
height of a cathedral, or the distance from London to 
Paris. | 

Today, the march of science has carried us into the 
space age and the atomic age. Our concept of size must 
be enlarged to include both the atom and the stars. 
But just how small is an atom? An electron? How large 
is the sun? The Milky Way Galaxy? The universe? 

The size of the ultra-small and the ultra-large can 
be grasped by comparing them to familiar units of 
length — units we use every day to measure ordinary 
objects. These units can be extended to cover the very 
small and the very large. Lets do this up and down 
the scale in jumps of ten, using the convenient metric 
system. Metric units are multiples of ten, 100, or 1,000. 
Thus, a centimeter is one-hundredth of a meter, a kilo- 
meter is one thousand meters, and so on. | 

The length of a fly might be 10 millimeters, or one 
centimeter. The fly's eye might be only one millimeter 
wide, You can easily see the fly’s eye by peering closely 
at its head. 

The next ten-fold jump brings us into the world of 
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the microscopic. An amoeba, one of the largest single- 
celled animals, is about one-tenth of a millimeter, or 
one-tenth the size of a fly's eye. Such small animals can 
sometimes be seen with the naked eye as barely visible 
specks; this size is at the limit of unaided vision. Many 
vegetable and animal tissue cells are also of this size, 
and many of these can be seen easily under a good 
quality magnifying glass or low-power microscope. 
Human red blood cells are about ten times smaller, or 
less than one-hundredth of a millimeter. | 

Another ten-fold decrease in size introduces bacteria. 
The length of bacteria is about one-thousandth of a 
millimeter, or one micron. This is just about the smallest 
size that can be seen in some detail under a conventional 
light microscope. 

Objects smaller than one micron can be seen with the 
help of an electron microscope, an instrument that 
focuses a picture with beams of electrons instead of 
light waves. Electrons behave as waves of energy with 
a wavelength between 5 microns and 5/10,000 of a mi- 
cron, whereas visible light has an average wavelength 
of about half a micron. 

Viruses are much smaller than bacteria, and can be 
seen only with the electron microscope. They range in 
size from about one-tenth of a micron to less than one- 
hundredth of a micron. The smallest living viruses, 
such as the polio virus, are about the same size as large 
chemical molecules — inanimate compounds, 

Molecules are so small that a micron is too large a 
unit to describe them. A smaller unit called an 
Angstrom is used. Named after the Swedish physicist 
Anders Jonas Angstrom, it is one hundred-millionth of 
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How much smaller than Andromeda is a 10-micron paramecium (here,a glass model)? 


a centimeter, or one ten-thousandth of a micron. 

A large viral molecule might contain several hundred 
thousand atoms. A closeup of the molecule might reveal 
an individual hydrogen atom. This simplest of all atoms 
has one proton in its nucleus, and a single orbiting elec- 
tron. The diameter of the entire atom is about 2.3 
" Angstroms. And the diameter of the proton in its nu- 
cleus is 100,000 times smaller. The electron is even 
smaller than the proton. If a hydrogen atom were en- 
larged so that its proton nucleus was the size of a base- 
ball, its orbiting electron would be about 2-1/3 miles 
away! This points up the fact that hydrogen atoms — as 
well as all other atoms — are mostly empty space. 

It we look up from the atom to the planets, the stars, 
and the galaxies, our ideas of size must leap in the other 
direction, to the world of fantastically large distances. 
We might start with familiar surroundings. A man might 
be about 6 feet tall, roughly 1% meters. The largest land 
animal, the African elephant, stands about 4 meters at 
the shoulder. The largest animal of all, the blue whale, 
grows to a length of 30 meters. z 

To conceive of the entire planet Earth, we would 
have to increase our scale about a thousand thousand 
times, since the diameter of the Earth is about 12,750 
kilometers (8,000 miles). Suppose we wished to increase 
our view to include the moon. If we were to draw a 
picture of the moon's entire orbit around the Earth on 
one page of this magazine, the Earth would be smaller 
than the letter “o” you are reading, and the moon would 
be slightly larger than the period at the end of this sen- 
tence. 

To conceive of distances in the solar system, we must 





use a light year as a unit of length. A light year is the 
distance light travels in one year. The speed of light is 
186,000 miles per second, or 300,000 kilometers per 
second. Multiply this figure by the number of seconds 
In one year and you have a light year. A spacecraft 
traveling at the speed of light (if such a thing were pos- 
sible) would take about 5% hours to travel from the 
Earth to Pluto, the outermost planet. This is about 
1/800th of a light year. 

You could travel 3,000 times as far in every direction 
in space, without finding a single star or planet. The 
nearest star, Alpha Centauri (or Proxima Centauri), is 
about 4 light years away from the Earth. Again, multi- 
ply this distance about 25,000 times and you have the 
diameter of our entire Milky Way Galaxy — 100,000 
light years. The Milky Way contains about 100 billion 
stars, and yet it is mostly empty space. | 

If we jump to a distance of 2 million light years, we 
include neighboring galaxies that make up what is 
known as the Local Group. From there, the giant tele- 
scope at Mt. Palomar takes us 10 billion light years into 
space. Here, we are among the billions of galaxies and 
galactic groups that populate the universe, each a 
minuscule point in the vastness of space. 

We can now ask the ultimate question: How large 
is the universe? Scientists differ on the answer. Some 
think that the universe is expanding continuously and 
has no limits. Others think that the curvature of light 
in space may place a limit on the size of the observable 
universe. What is this limit? A radius of 13 billion light 
years. That's something to think about. 

| — SIMON DRESNER 
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HOW LOW lies on U. S. Highway 

No. 60, a few miles north of the 
Fort Apache Indian Reservation in Ari- 
zona. Unless yowre hungry, or need 
gasoline for your car, yowre likely to 
pass through Show Low in a very few 
minutes. Its population is just over 
1,600. 

In 1929, Show Low was an even 
smaller town, sleepy and dusty be- 
neath the bright summer sky — hardly 
the place, you would think, for an im- 
portant scientific discovery. Yet on June 
22, 1929, Show Low quite by chance 
became the birthplace of a new branch 
of science that provides scientists 
with a way to date ancient civilizations. 
It also gives them techniques that may 
yield clues to solar radiation cycles. If 
such clues can be found, astronauts 
will use them to plan their trips — they 
wont want to set off for Mars if the 
solar “weather” is expected to be bad. 
Deadly radiation outbursts from the 
sun could endanger spacemen's lives. 


The science is dendrochronology, 


from the Greek word dendron, meaning 
"tree," and chronos, meaning “time.” 
The discipline was named by the man 
who originated it, Andrew Ellicott 
Douglass (1867-1962). And it has re- 
sulted in a unique laboratory, the Labo- 
ratory of Tree-Ring Research at the 
University of Arizona in Tucson. We 
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will visit that laboratory; but first, let 
us linger in Show Low. 

Imagine that it is the evening of 
June 22, 1929. The clear, dry air is 
so transparent that the distant stars 
shine with steely clarity. Although he 
is an astronomer, Dr. Douglass is too 
immersed in his unusual work to think 
about stars above the roof of his room. 
Earlier in the day, he made excavations 
at an ancient Indian pueblo ruin near 
Show Low, recovering some timber 
from the site. Now he ponders over the 
time puzzle hidden in the tree-rings of 
the old construction beams. Since 1901, 
seven years after his arrival in Arizona 
from his native Vermont, Douglass has 
been putting together records of tree- 
rings. At first, he hoped to find in them 
clues to the sun's sunspot cycle; the 
rings are formed, one each year, for 
as long as a tree lives. On this night, 
however, Dr. Douglass is looking for 
something else. 

Can tree-rings be used to date accu- 
rately the age of sites where prehistoric 
men lived? 

Douglass believes they can. In fact, 
some years before, he had amazed a 
farmer by telling him, after studying 
an old tree stump, the exact year in 
which the tree had been toppled by 
the farmers saw. Douglass had recog- 
nized in the stump's rings a pattern of 





widths matching those in a tree whose. 
felling date he knew. Now, Dr. Doug- 
lass wants to date the ancient pueblo 
ruins that are scattered across the 
American Southwest. 

Spanish conquistadores invaded what 
is now Arizona and New Mexico in 
the 1500's, hoping to find cities of gold. 
They came across many uninhabited 
pueblos — partly crumbled piles of 
adobe, stone, and timber that obviously 
had not been lived in for many years. 
The Spaniards poked through the ruins, 
then moved on. By Douglass’ time, 
however, scientists had become keenly 
interested in the abandoned pueblos. 
When were they built? Fortunately for 
Douglass, the region’s warm, dry air 
and meager rainfall had had little ero- 
sive effect on the construction beams. 
And chunks of charcoal in the dis- 
carded fire beds remained intact. (Char- 
coal, in fact, is one of the most in- 
destructible of materials, as long as it 
remains uncrushed. ) 


Douglass’ Discovery 
Dr. Douglass shuffles through his 


days rubbings of the old beams. He 


had made the rubbings by placing 
paper over the beam ends, then rubbing 
a soft lead pencil across the paper. 
The rings stand out sharply, some nar- 
row, some wide. (The technique is 


similar in every way to the one you've 
probably used to “rub off’ Lincoln’s 
profile from a penny.) Douglass also 
has a rubbing of the rings of a tree 
he had cut down himself; so he knows 
the exact year this particular tree 
started to grow. 

As he examines the old tree rings, he 
compares them to those of the newly 
felled tree. Suddenly, he pauses. He 
looks closer. There can be no doubt. 
Some of the outer rings in an old speci- 
men exactly match the inner rings in 
the new specimen. The rings overlap. 
Dr. Douglass now counts backward. 
Soon, he arrives at the year the ancient 
timber was chopped down. Assuming 
the early Indians had wasted little time 
in getting their pueblo built, Dr. Doug- 
lass is now able to tell almost the pre- 
cise time the ancient structure was 
put up. 

Dr. Douglass’ discovery quickly 
proved valuable. Among the more than 
40 ruins he dated was that of Pueblo 
Bonito (“pretty town”), a semicircular 
town in New Mexico that is now the 
chief attraction in the Chaco Canyon 
National Monument. Pueblo Bonito is 
an apartment-like structure, It contains 
800 rooms! Pueblo Bonito actually con- 
sits of four superimposed towns, the 
oldest of which was constructed around 
500 a.p. The mammoth structure was 





built by an early Indian people — the 
Anasazi — whose descendants are to- 
day's Pueblo Indians. About 1100 A.D., 
the Anasazi abandoned Pueblo Bonito. 
Why? No one knows, 

Andrew Douglass pioneer work in 
dendrochronology led to the founding 
of the Laboratory of Tree-Ring Re- 
search. Douglass was the laboratory's 
first director. The director today is a 
native Arizonian, 41-year-old Bryant 
Bannister. His doctorate is in anthropol- 
ogy, the science that deals with the 
study of man and his culture. 

At their Tucson-based laboratory, Dr. 
Bannister and his colleagues are busy 
with a number of research projects. Dr. 
Bannister presently is seeking dates for 
archaeological sites in this country and 
Mexico. Recently, he established the 
first Middle East tree-ring chronology, 
using timber samples from an early 
Turkish tomb. The tomb possibly could 
be that of Midas, the ancient king that 
Greek legend says had a “golden touch.” 

Among Douglass’ finds was that trees 
in semiarid sites show variation in their 
ring widths as the climate changes. 
Sufficient rain and other favorable 
climatic conditions produce wide rings; 
drought and hot weather produce nar- 
row rings. Tree crowding, disease, and 
elevation also affect ring size. Dr. Har- 
old C. Fritts of the laboratory has made 


 Klemmedson and graduate 


Sprawling Pueblo Bonito 
in Chaco Canyon, New 
Mexico, was one of the 
first ruins to be dated 
by the science of 

_ dendrochronology. The 
town covered three 
acres and was like a 
great apartment building 
with fully 800 rooms. 


National Park Service 


a study of tree rings in pines and firs at 
26 locations, from southwest Canada 
to northern Mexico. From his research 
has emerged a chronology of weather 
conditions in the American West dating 
from 1501 to the present, Among Dr. 
Frittss deductions: During the time the 
Pilgrims were getting settled in Massa- 
chusetts, an extensive, extremely moist 
climate was expanding through what is 
now Nevada and Utah. 


What Makes a Tree Ring? 


Another tree-ring laboratory scientist 
is Dr. C. W. Ferguson. He has teamed 
with Dr. J. O. Klemmedson, an expert 
on watersheds, to study bristlecone pine 
trees growing on Humboldt National 
Forest lands in eastern Nevada. These 
trees are among the most ancient living 
trees, with ages approaching 5,000 
years. While Dr. Ferguson collects and 
dates core samples of the old trees, 
seeking past weather patterns, Dr. 
student 
Scott Beasley locate, identify, and map 


_bristlecone pine stands in the study 


area. Their research should help the 
U.S. Forest Service protect and manage 
these botanical Methuselahs of our 
western forests. | 
"What makes a tree ring?" I asked 
Dr. Bannister. 
"Growth," he answered. Trees grow 


Continued on next page 
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not only in height but also in girth. 
Each year, just beneath the bark, a 
new layer of wood is formed. At the 
beginning of the growing season, large, 
thin-walled cells develop. But as the 
growing season goes along, the cells 
become smaller, developing thicker 
walls; by the end of the season they 
are quite small. Then along comes the 
next growing season a year later. As 
you can deduce, the abrupt change in 
cell size — large cells next to small 
cells — produces a distinct boundary 
line, thus marking off the annual 
growth. | 

"Before the tree-ring dating method 
can be used," Dr. Bannister said, “sev- 
eral favorable circumstances must exist. 
There must be an ample supply of wood 
or charcoal specimens. The prehistoric 
inhabitants must have used wood ex- 
tensively. Also, the wood must be pre- 
served well enough so both cellular and 
ring structure can be seen. Large areas 
of the world are ruled out either be- 
cause wood wasn't used extensively in 
ancient times, or because what was 
used has long since rotted away." 


Techniques of Dendrochronology 


How does a dendrochronologist col- 
lect specimens? 

"Special care must be taken to pre- 
vent damage, or loss, of outside rings. 
Charcoal and certain types of wood usu- 
ally must be treated at once with some 
preservative—a solution of gasoline 
saturated with paraffin wax is often 
used. And, of course, the collector must 
take detailed notes about the collection 
area — exactly where the specimen was 
located, the ecology of the area, and 
so on." 

How are specimens prepared? 

“They must be surfaced so that the 
cellular structure is visible and the ring 
series may be examined clearly. Good 
surfaces are absolutely necessary. You 
can prepare charcoal and soft, or rotten, 
wood with a razor blade its a fast 
technique, but it takes practice to mas- 
ter it. A sliding microtome is good for 
small surfaces. Sanding is best for large 
surfaces — a hand-held belt sander will 
do a presentable job.” 

After the specimens are prepared, 
then what? 

"Your first objective is to cross-date 
samples. If you want an absolute date, 
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Cross-dating at the Laboratory of Tree-Ring Research 


cross-dated samples must be matched 
against a master chronology. This 
chronology, of course, is itself a product 
of previously cross-dated pieces. You 
must also look for false rings, or lines, 
that do not represent a full season's 
growth. There may be rings that only 
a microscope will reveal. There is also 
the problem of rings being completely 
absent — this is solved through the 
process of cross-dating itself." 

How is a master chronology pre- 
pared? 

"You start with modern samples of 
known date. Then you work with pro- 
gressively older samples, matching and 
overlapping ring patterns. Depending 
on the materials available, this proce- 
dure may take many years to per- 
form, if, indeed, it is possible at all. 
But once you have a precisely dated 
master chronology, ring patterns in 
samples of unknown age can be cross- 
dated with the master, and given ab- 
solute dates." 

More than 100,000 wood and char- 
coal specimens from southwestern sites 
are housed in the tree-ring laboratory. 
More specimens arrive almost every 





Photo from the University of Arizona 
Le identifies this ring as year 
943 A.D. on a log originally cut in Northern Arizona by Indians in the year 623 A.D. 


week, either through field trips or 
through gifts. A few months ago, LF. 
(Zeke) Flora, of Durango, Colorado, 
gave the laboratory 1,500 specimens 
collected by him at early Indian sites 
in the Durango area. “The bulk of this 
collection," said Dr. Bannister, "repre- 


sents the cultural periods of the ancient 


Indians we call Basketmakers from 700 
A.D. back to the time of Christ." 

Last spring, a seminar at the tree- 
ring laboratory got ten dendrochrono- 
logists started on an unusual project. 
It is significant to note that the seminar 
was sponsored by the National Aero- 
nautics and Space Administration. — 

“The NASA people would like to 
have a better understanding of solar 
phenomena as they existed in the 
past, so they can make better predic- 
tions for the future," Dr. Bannister 
said. 

The NASA project is also expected to 
settle an old debate: Is there a relation 
between sunspot cycles and tree growth? 

"If you know the story of Andrew 
Douglass,’ said Dr. Bannister, “the 
wheel has now turned full circle.” 

— FRED BREWER 


OULD you like to try your hand 

at using high-speed photography 
in your own research? (See “Ultrahigh- 
speed Photography,” p. 4.) For ex- 
ample, you can photograph and “stop” 
the motion of a moving object such as 
a piston of a toy steam engine, a run- 


ning boy, or almost any object that is 


not too large but is in motion. 

High-speed photography is not really 
difficult. There are two simple methods 
— one is electronic, the other mechani- 
cal. In deciding which method to use, 
consider which would be most useful 
in your particular project. 

One method is to use a motor-driven 
disk stroboscope. Of the two methods, 
you will probably find this the more 
flexible’ and reliable. 

The heart of this stroboscope is a 
300-rpm a.c. electric motor, costing 
about $2.00. Mount the motor at one 
end of a metal radio chassis by means 
of an angle iron. (Angle iron mount, 
motor, and chassis may all be purchased 
from Macalester Scientific Co., Wal. 
tham, Mass.) 

Cut a 6-inch-diameter disk from 
heavy cardboard. Make six radial slits 
in the disk, 4-inch wide and 60 de- 
grees apart. Paint the disk black with 
water-color paint. Mount the disk on 
the motor shaft between two one-hole 
rubber stoppers slipped over the shaft. 

Place a Polaroid or other camera be- 
hind the disk so that the slits pass in 
front of the lens. Illuminate the moving 






object you are studying with a photo- 


flood or spotlight. Using the camera's 
"bulb" (B) setting, arrange your ap- 
paratus so that the shutter opens at the 
precise instant action starts, and closes 
when action ends (or passes out of 
camera view). 

To figure out the exposure rate, di- 
vide the reciprocal of the number of 
rotations per second (rps) by the num- 
ber of slits (rps =%o rpm). With a 
300-rpm motor (5 rps) and 6 slits, the 
exposure rate is i5 divided by 6, or 
l16o second. 

By using a disk with 12 slits (30 
degrees apart), you can double the 
exposure rate. Thus, you will take a 
series of pictures 169 second apart, all 
on one frame of film. Each picture is a 
single exposure. | 

If you can't get a 300-rpm motor, use 
a small 1,800-rpm, 110-volt a.c. motor 
(this is a common speed). With this 
motor, use only one slit in the disk to 
get pictures 289 second apart. Use two 
slits (on opposite sides of the disk) 
for a Yo-second rate. 

In the second method, the light source 
itself is pulsed. For your high-speed 
electronic strobe light, you need a re- 
Hector that is a highly polished para- 
bolic mirror. (A polished photoflood re- 
flector is fine.) 

Bolt a standard octal radio-tube 


socket to the back of the mirror, For 
your strobe tube, get a Sylvania type 
1D121/SN4. It fits the octal socket. 


High-speed 
Photography 





The wiring diagram is shown. In 
addition to the strobe tube, you'll need 
the following: 

(two) 100k-ohm, 1-watt resistances 

(two) octal sockets 

(one) 2-mfd, 600-volt capacitor 

(two) 8-mfd, 450-volt electrolytic 

capacitors e 

(one) 10k-ohm, 14-watt resistance 

(one) 117Z6 radio tube 

(one) 30,000-ohm, 3-watt variable 

resistance 

(two) 1,500-ohm, 2-watt resistances 

a switch, plug, and wire 

It is important that none of the capac- 
itors be leaky. CAUTION: To prevent 
high-voltage shocks, place all the ap- 
paratus (except the strobe tube and re- 
flector) in a wooden box. 

Use fast black-and-white film (Kodak 
Tri-X, for example) with your electron- 
ic strobe. 

One interesting strobe research proj- 
ect involves photographing a tennis ball 
or golf ball falling freely under the 
acceleration of gravity, 

Even more fascinating is research on 
the formation of drops in milk, water, 
alcohol, oil, and the like. 

Compare the process of droplet for- 
mation in different liquids, How does 
the surface tension of the liquid affect 
the formation of drops? What happens 
if different amounts of alcohol are 
added to water to lower the surface 
tension? 

— ALEXANDER JOSEPH 
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FAR FROM THE MADDING 


CROWD 
(MGM) 


For sheer, eye-filling loveliness, it 
would be hard to beat this film. Across 
the wide screen spread the rolling 
downs, the brooding hills, the forests 
and farms of southwest England. This is 
the landscape Thomas Hardy named 
“Wessex,” the setting he used in all his 
novels, 

In this version of Hardy's novel Far 
From the Madding Crowd, the film 
makers have captured the full sinister 
glory of “Wessex” almost too well. The 
spectacular setting often threatens to 
overpower both plot and characters. 
When stretched across this vast back- 
ground, the story of Bathsheba Ever- 
dene and her three suitors has a tend- 
ency to thin out. 

The time is the 19th century, the 
Victorian age when Englishwomen were 
supposed to be the weaker sex. But there 
is nothing weak about Bathsheba (Julie 
Christie). She is beautiful, headstrong, 
willful. She runs the farm she inherits as 
a man would. When Gabriel Oak, a 
former suitor, goes bankrupt, she hires 
him as a shepherd. She teases Boldwood 
(Peter Finch), her repressed, middle- 
aged neighbor, into falling violently in 
love with her. She is as much a natural 
disaster as the storms, fires, and dead 
livestock that plague the area. 

Bathsheba gets her comeuppance 
when she falls in love with Frank Troy 
(Terence Stamp), a selfish, shallow 
scamp. To marry Bathsheba and gain 
control of her money, Troy deserts the 
woman he really loves. His decision 
brings misery to everyone. 

Although Bathsheba is the central 
character, she seems far less interesting 
than Troy or Boldwood. Perhaps the 
reason for this is Julie Christies inter- 
pretation of the role. She is gentle when 
she should be fiery, more petulant than 
passionate. Terence Stamp, on the other 
hand, makes Troy a complete and com- 
plex personality — a human being both 
good and bad. Peter Finch is excellent 
as the obsessed Boldwood, and Alan 
Bates's stolid performance keeps Gabriel 
Oak from being too good to be true. 

This film is full of wonderful mo- 
ments: The “shape up” at the village 
labor market where the poor and dis- 
possessed stand dumbly, hoping to be 
hired by farmers for a few shillings; the 
sight of Gabriel Oak's sheep pouring 
over a cliff like an avalanche; the agon- 
izing moments as Troy and Fanny wait 
for each other at different churches; 





Alan Bates (left), Peter Finch, and Julie 
Christie star in Victorian period film. 


Boldwood’s awkward efforts to get his 
first party going. Frederic Raphael's 
screenplay follows Hardy's novel very 
closely — perhaps too closely, for, by 
including so much of the original ma- 
terial, he has made the film too long 
and too eventful. Nevertheless, Far 
From the Madding Crowd is well worth 
seeing. And after you have seen it, read 
the book if you haven't already. It will 
deepen your understanding and enjoy- 
ment of the film. — MARGARET Ronan 


Ende onthe go 


.. With the 


BONGO Sut 


Newest addition to the 
Fender line... ideal for 
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an integrated circuit 
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CAN A PRIEST 
BE REALLY 


“WITH IT"? 





Today's effective priest must be really “with it”! 


That is why so many look upon the Paulist 
Fathers as a timely Order — especially aware 
of today's needs today. 

Since the Paulist Father is free of the stifling 
formalism of past centuries, he is able to use 
his own individual talents to achieve his goals. 
He's a man of the moment...a man “on the 
g0"...a self-starter. He is a pioneer in using 
modern techniques to fulfill his mission to the 
American people. 

If you have thought of serving God through 
man, and if you are a Catholic, why not investi- 
gate your life as a Paulist Father? 


If you are a Catholic and a junior or senior in 
high school, a special aptitude test has been 
developed to help you make your decision and 
an illustrated brochure will tell you more about 
the Paulist Fathers. Mail the coupon today! 


National Vocations Director 

PAULIST FATHERS, Room 107A 

5 Park St., Boston, Mass. 02108 
Please send me your illustrated 
brochure and the aptitude test. 
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America and Americans 

(Sun., Dec. 3, 10:00 p.m. EST, NBC-TV) 
John Steinbeck’s book America and 

Americans has been adapted for an 

hour-long NBC News special which 

will be narrated by Henry Fonda. The 


program, like the book, will focus on . | 


the paradoxes of American life: the 
affluent society, the ghettos, the coun- 
trys natural wonders. 


NBC camera crews have filmed por- | 


tions of the documentary in various 
parts of the country, including San 
Francisco, Boston, and New York City's 
Lower East Side. The script will con- 
sist of excerpts from Steinbeck's book. 


1967 National Drivers’ Test 


(Tues., Dec. 5, 10:00 p.m. EST, CBS-TV) 


More than 800 persons died in the 
U.S. because of traffie accidents on 
Christmas Day, 1966, according to the 
National Safety Council New Year's, 
1967, saw more than 620 deaths. 

"December is a bad month for driv- 
ers. Last year, it was the second highest 
traffic fatality month, with an estimated 
5,040 killed," reports Vern Diamond, 
producer of this hour-long driving test 
which was first televised last spring. 
The rebroadcast of the program will 
again feature CBS News correspondents 
Walter Cronkite and Mike Wallace. A 
major segment will deal with the haz- 
ards of winter driving. Other sections 
will cover defensive driving and safety 
equipment. 


American Profile: 


The Forgotten Peninsula 
(Fri., Dec. 8, 10:00 p.m. EST, NBC-TV) 


Noted author and naturalist Joseph 
Wood Krutch is on-camera narrator- 
guide for an hour-long NBC News spe- 
cial based on his book, The Forgotten 
Peninsula. Krutch will take viewers to 
Baja California, an 800-mile-long finger 
of desert and mountains which he de- 
scribes as one of the last primitive 
regions on Earth. There, he will point 
out natural phenomena, wildlife, odd 
flora, and some unusual sights. 

The program will also include films 
of the islands of the Sea of Cortez: 
Espiritu Santo, with beaches more lux- 
uriant than the Riviera, yet empty; 
San Lorenzo, home to 5,000 pelicans; 
Tortugas, a dry volcano into which 
Krutch will fly in a helicopter; Granita, 
where he plays with wild seal pups; and 
Rasa, the famed bird island covered 
with thousands of terns and gulls. 

— PEccy HUDSON 
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ANSWERS TO PUZZLE 
(see page 24) 





Train for EXCITING 


CAREER in MEDICAL, 
DENTAL FIELDS 





Career graduates enjoy high paying posi- 
tions in these prestige fields. Train in our 
fully equipped laboratories in major cities or 
at home in your spare time. Nationally recog- 
nized courses supervised by leading physi- 
cians and dentists. Free placement assist- 
ance. Accredited Member National Home 
Study Council. Write for FREE booklet ı now. 


825 N. Jefferson Street. e Dept. 98 
Milwaukee, Wisconsin 53202 


Age 


| 
| 
| 
Phone | 
| 
| 
| 
is 
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City and State N 84A: {1-30 Zip 
CLASSROOM INSTRUCTION 

Medical Assistant [] Dental Technologist 

Dental Assistant O Medical E d 
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| WALLET PHOTOS 
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32 For 7122 


Just send any size graduation 
photo, snapshot or negative 
with $1.00 for 32 Beauti- 
tone wallet photos. Each 
21 x 315 inch photo 
. is made on portrait 
















E paper. We re- 
FREE turn original 
order for 65 < ORO back 
or more * Deluxe guarantee. 


Wallet Size Folder’’ 


i Betas 

| OTOS 

l. Dept. ae js Bay, Wis, 
l 


PRINT CLEARLY This is Our Shipping Label 
32 photos $1 


H 65 photos $2 WANE 

[] 100 photos $3 B anpREss 
| For postage & handling 

include 10€ for3rdclass B CITY 

return or 25€ for Ist STATE 


| class return. 
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Straightaway 


Draw eight straight lines to form five 
squares and eight identical triangles. 
Tony Lee 
Jefferson Jr. H. S. 
Washington, D.C. 





Spotted Snails 


Consider a herd of snails. The shells 
of some are white, and the others are 
yellow. All are spotted with one or more 
of the colors green, blue, and red. All 
those with red spots have blue spots 





as well Now remove all the snails 
"with white shells spotted with blue, 


and all those with yellow shells which - 


aren't spotted with both red and green. 
Describe the snails which remain. 
Jonathan Crist 
Breck School 
Minneapolis, Minn. 


Pinched Pennies 


À penny-pincher entered a bank with 
a parcel of pinched pennies. When 
asked how many pennies he had, the 
pincher replied, "I can arrange them 
in piles of two, and not have any left 
over. The same is true for piles of 
three, four, five, six, or seven." 





What is the smallest number of pen- 
nies the pincher can have in his parcel? 
Jeff Lough — 
Howland Jr. H.S. 
Warren, Ohio 
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Editor’s Choice 


You are leaning against a tall flagpole 
one sunny afternoon. You have a sud- 
den desire to determine the height of 
the pole, but a yardstick is the only 


eus hs. 
measuring instrument you have. There 
is no rope attached to the pole, and 
you cant climb the pole. How can 
you accurately determine the height of 


the pole? 


e ty e" ow 





Do you have a favorite brain teaser? Send 
it to Senior Science, 50 West 44th St., 
New York, New York 10036. We will pay 
five dollars for each one published. In- 
clude the name of your school, home ad- 
dress, grade, and age. In case of dupli- 
cate submissions, choice will be made 


on the basis of presentation and clarity. . 
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Look! 
Clearer skin 
from a soap 





with new medicated | 
Jergens Clear 
Complexion Bar 


It actually helps clear your com- 
plexion simply by washing your face! 

Jergens' rich, specially medicated 
lather washes away excess oiliness. 
Fights blemishes. Fights the bacteria 
that make them grow. 

Continued use helps keep blem- 
ishes from coming back. Yet this 
clear, transparent soap never dries or 
irritates your sensitive skin. 

Tey Wro n 





FROM THE JERGENS SKIN CARE LABORATORIES 
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HEN the football fans in College Station, Texas, start 
V V singing "The eyes of Texas are upon you," they 
mean a 6-5, 241-pound mountain of a lineman named 
Maurice Moorman. Big Mo plays offensive guard and de- 
fensive tackle for the Texas A, & M. Aggies, and he plays 
them for keeps. : 
Tremendously strong, fast, and tough, the big fellow is 
one of the few linemen in the country who goes both ways. 
On offense he tears big holes in the enemy line or destroys 
people who try to rush the passer. On defense he goes 


in only when the Aggies are backed to their goal line. . 


He moves into a tackle slot and starts heaving bodies in 
all directions. 
As one of the Aggie backs put it, “Big Mo makes an en- 
tirely new line of scrimmage five yards down the field." 
Though the Aggies lost more than they won last year, 
the experts agreed that Big Mo was one of the two or three 
best linemen in college football. They placed him at tackle 


on their All-American teams. 
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All-star honors are nothing new for the big guy. He 
started winning them as a boy in Louisville, Ky. He played 
his first game of football as a fifth grader at St, Raphael 
school The field.was just a short walk from Mo's home, 
and he'd often go over and try to get into a choose-up 
game with the older boys. 

"When I was younger, nobody picked me," Mo says. 
“When I got a little bigger, however, I did the choosing.” 

By the time he arrived at St. Xavier High School, Mo 
was ready to shoot for the stars. He had the experience, 
he had the desire, and he had the size. As a sophomore, he 
stood 6-2 and weighed 210. As a junior, he sprouted to 
6-5 and 252! | 

He was a one-man task force at tackle. With his size and 
speed, he tore every line apart in leading his team to two 
state championships. He not only was voted outstanding 
lineman in the state in 1962, but made Scholastic Maga- 
zines All-American High School Football Team. 

So here was 17-year-old Big Mo, all-state and All-Amer- 
ican tackle, a 6-5, 250-pound “killer whale." The college 
scouts formed a long line outside his door. The world 
apparently was his oyster. He could go almost anywhere 
he wanted, and fame and fortune awaited him wherever 
he went. 

But Big Mo had to do it the hard way. The next two 
years brought him only unhappiness. He still refuses to 
talk about it. All he says is that “I was a mixed-up kid." 

Anyway, he enrolled at the University of Kentucky, 
where he starred on a frosh team that piled up shut-outs 
of 28-0, 39-0, 30-0, and 70-0 against the likes of Vander- 
bilt, Tennessee, Cincinnati, and Xavier. 

When Moorman went out for the varsity as a soph, he 
was already being hailed as one of the best young linemen 
in the land. He went through all the early season two-a-day 
drills, then suddenly packed up and left Kentucky. He 
traveled about 75 miles due west to enroll at the University 
of Louisville. Again he lasted just one year, this time trans- 
ferring to Texas A & M. There, he finally found a home. 

“Everyone at A & M has been just great to me,” he now 
says. "They ve made me feel welcome and a part of the 
school. But I'm from Kentucky and sometimes I regret the 
foolish thing I did when I quit." 

Everyone on the team has the deepest respect for the 
big, quiet man. Big Mo doesn't talk much, on or off the 
field. He is all business. He's among the first to arrive on 
the field and among the last to leave. 

His coach, Gene Stallings, says, "Moorman is the best 
lineman I've ever had. He's never had a bad day, not even 
in practice. He has the size, speed, agility, desire, and 
ability to play great football, and he does so every time 
he goes on the field. It really means something to him." 

But one of his teammates said it best: “A team has to 
be better with Moorman out there. He's so big and strong 
and good. But, even more important, he puts out so much - 
all the time that it rubs off on the rest of us." 

Everyone agrees that Moorman will be one of the top 
five draft choices of the pros. He has everything that the 
pros love — speed. size. strength, and toughness. He is so 
agile that he can do a double flip off the diving board. He's 
also a crack handball player and a good golfer. 

Another thing going for him is his attitude, ^As a fresh- 
man at Kentucky," he says, “I blocked the team’s varsity 
star, Sam. Ball (later the No. 1 draft of the Baltimore Colts) 
all over the field in a practice drill. That made me feel a 
little cocky. Sam then got with it and nearly tore my head 
off. Since then, I've never underestimated anyone.” 

— HERMAN L. Masın, Sports Editor 








Beethoven: Piano CLASSICAL 


Concerto No. 1— 
Eschenbach, Karajan, Berlin NOM re ne 
[Deutsche Cist 1389023]. Fast on 
the heels of his exceptional Mozart solo 
album [DGG 138949] comes Christoph 
Eschenbach's first concerto album—and 
it, too, is an impressive achievement. The 
young (26) German pianist plays the Bee- 
thoven First (actually the second concerto 
in sequence of composition) with a rare 
combination of elegance and warmth. His 
command of tonal nuance is outstanding, 





Newcomer Eschenbach and veteran 
Karajan—" well matched.” 
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Acne pimples, blackheads and oily skin 
have been a young man's problem for a 
long time. But now you've got Tackle in 
your corner., — 

Tackle is a hard-hitting skin medica- 
tion for young men. Its clear gel doesn't 
camouflage pimples like the cover-ups 


CUuSSIONS By ROY HEMMING 


with Robin McBride, 
Ed Coach, Buzz Royden 


yet never at the expense of performance 
sparkle. He may play. the concerto with 
less zest than Richter [RCA Victor LSC- 
2544] or Rubinstein [RCA Victor LSC- 
2120], but more than compensates for this 
with fascinating insights into the contrast- 
ing styles of its individual movements. 
Karajan's accompaniment is exceptionally 
well matched throughout. (R.H. ) 


Prokofieff: Scythian Suite & Prodigal Son 
Suite—Ansermet, Suisse Romande [London 
CS6538]. The Scythian Suite belongs to 
the “barbaric” school of modern music 
that followed Stravinsky’s Rite of Spring, 
and used to shock audiences in the 1910's 
and '20's. The years have somewhat mel- 
lowed the sting of its rhythms and har- 
monies, but not its power. Ansermet gives 
the suite an incisive and tonally brilliant 
performance. Overside, he fares less well 
with the more lyrical Prodigal Son Suite, 
giving it a disappointingly lackluster read- 
ing. London's stereo sound engineering is, 
as usual, superb. (R.H.) 


Bernstein Conducts Nielsen [Columbia 
MS7028]. Considering the popularity 
throughout the U. S. of flutes and clarinets 
in thousands of dance bands, school bands, 
etc, its strange that concert works for 
these instruments have not achieved wider 


Tackle KO's Blemishes 


girls use. Tackle helps clear you up, not - 


smear you up. Its antiseptic, astringent 
action fights infection. And tightens 
pores. And dries oily skin. 
It goes on like an after-shave and 
gives your face a fresh, manly scent. 
So keep your guard up against blem- 


fame. Perhaps this new LP will help rem- 
edy the situation—for, although the title 
is correct (Leonard Bernstein does indeed 
conduct music by Denmark’s Carl Niel- 
sen), the spotlight is really on New York 
Philharmonic flutist Julius Baker and 
clarinetist Stanley Drucker as they per- 
form, respectively, Nielsens flute and 
clarinet concertos. These are both delight- 
fully melodic, agreeable works—and the 
performances are excellent. (R. H.) 


SEGA Scenes from Richard 


album of the week Strauss Operas— 
Christa Ludwig & Walter Berry [RCA 


Victrola VICS1269]. Leonard Bernstein, 
on a recent TV program, joshingly referred 
to this superb husband-and-wife operatic 
team as “really the berries!’ That may 
seem too flip a comment for the serious, 
dramatic music of Richard Strauss on this 
disc, but the superb interpretations do 
indeed call for superlatives. Ludwig and 
Berry give throbbingly vital, gorgeously 
sung performances of the "Recognition 
Scene’ from Elektra, a part of Act 2 
(including the waltzes) from Rosenkav- 
alier, and the dungeon scene from Die 
Frau Ohne Schatten (The Woman With- 
out a Shadow), the opera in which the 
couple scored such a sensation in their 
Met Opera debuts last year. As recorded 
with the Berlin Opera Orchestra and 
Chorus under Heinrich Hollreiser, this is 
another of RCA’s outstanding budget im- 
ports originally in Germany’s Eurodisc 
catalog. (R.H.) 


Continued on next page 





ishes. Team up with Tackle. 

Special Trial Offer: One week's sup- 
ply of Tackle ('/-oz. size], just 257. Send 
a quarter (for postage and handling) 
with your name and address to TACKLE, 
P.O. Box 10, M-11A, Chicago, Ill. 60635. 
Offer good in United States only. 
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Gem Dandy 


By Paul Smith, Dinwiddie County H.S., Dinwiddie, Va. 


* Starred words refer to precious and semiprecious stones 


Students are invited to 
submit original cross- 
word puzzles for publica- 
tion in Senior Science. 
Each puzzle should be 
built around one topic in 
science, such as astron- 
omy, astronautics, bot- 
any, geology, electronics, 
famous scientists, etc. 
Maximum of 50 words, 
of which at least 15 must 
be related to the theme. 
For each puzzle pub- 
lished we will pay $10. 
No entry will be consid- 
ered unless it includes 
all of the following: sym- 
metrical puzzle design 
and design with answers 
filled in, definitions, an- 
, swers on separate sheets, 
and a statement by the 
student that the puzzle is 
original and his own 
work. Puzzles must be 
symmetrical. Keep a 
' copy, as puzzles cannot 
be returned. Give name, 
home address, school, 
and grade. Address: Puz- 
zle Editor, Senior Science, 
50 West 44th Street, New 
York, N. Y. 10036. An- 
swers to this puzzle are 
on page 20 
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ACROSS | *44. 
45. 


* 2. Compact gem stone, commonly green, 
associated with the Orient. 
* 5. Gem once believed to protect wearer 
from danger; marbles made of it. 
8. Military Police (abbr.). 
10. A greeting. | 
11. Writing utensil. 


*15. Semiprecious yellow quartz. 
17. An elementary textbook. 
19. Dispose of. 


1 
3. 
13. Preposition. * 4. 
6 
7 


*20. Iridescent gem, once thought to 9. 
be unlucky. 12. 

21. Not near. | ^. 14. 
23. Clip. *16. 
24. Prefix meaning together. 18. 
25. Subtract (antonym). 2]. 
26. Popular beverage in Australia. 22. 
28. Eldest son (abbr.). 29: 
29. Underground vault. 26. 
90. Tardy. nO. 


*82. Any jewel. 


*35. Semiprecious stone, usually dark red, 29. 
resembling a ruby. 3]. 

37. Means of radiolocation. 33. 
38. By the rules of the art (Lat. abbr.). 94. 
39. Less than three. 36. 
41. San Francsico's rival (abbr.). 40. 

. 43. Opposite of off. 42. 
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Gem produced by living organism. 
Swirling current of air, smoke, or 
water. 


DOWN 
Ampere (abbr.). 
Exclamation. 
Crystallized carbon. 
To exhibit strong, bright color. 
Crown-like head ornament, often 
decorated with precious stones. 
Energy. 


Nat] Recovery Administration (abbr.). 


Lukewarm. 

Colorless gem resembling diamond. 
A sound like that of knocking. 
Soft, flabby body tissue. 
Radiance. 

Usually found on a beach. 
Entire. 

Green gem, part of name often 
applied to Erin. 

Children's game. 

Snare 

Spouse. 

Two of a kind. 


. Too (homonym). 


Province in Canada (abbr.). 
Anno Domini (abbr.). 


Discussions continued 


Jerusalem of Gold— 

Margalit with The 
Feenjon Group [Monitor MFS488]. A fifth 
generation Sabrah, Margalit sings lead for 
the six Feenjon singers—and a mighty 
fine leader she makes with her clear, lyri- 
cal voice. The group’s latest album leans 
heavily on its basically ethnic Israeli back- 
ground. Top number, sung by Margalit, 
is the haunting, poignant “Jerusalem of 
Gold,” the song that took Israel by 
storm during last June’s Arab-Israeli war. 
Other excellent numbers include “Habena 
Badena" (Arabic), “Chiribim” (Yiddish), 
and a rhythmic tour de force called “Shif- 
tatelli” (Arabic). (R.C.) 


The Jimi Hendrix Ex- 


perience — Áre You. 


Experienced? [Reprise RS6261]. This al- 
bum is an experience! Nothing like it has 
been recorded before. Most of it is soulful, 
some is unintelligibly abstract, and all of 
it represents a wild approach to a*record 
album. Electronic and special effects 
abound—yet they are so much an in- 
tegral part of the musical creations that 
they do not appear to be a put-on. 
"Purple Haze,” “Fire,” “Hey Joe," and 
"The Wind Cries Mary" demonstrate the 
full range of what this group can do. 
By all means, hear this disc in stereo— 
like wow! ( R.M.) 


Blaze—Herman’s Hermits [MGM SE4478]. 
Peter Noone and crew have come up with 
another fine disc. Their style is unchanged, 
which is a happy event, and remains 
clean, cute, and interesting. The best 
tracks (“Don’t Go Out Into the Rain” 
and “Museum” ) combine with eight other 
tunes to create a unified, happy romp for 
all concerned. (R.M.) 


Here It Is!—The Quartette Trés Bien 
[Decca DL74893]. The QTB consistently 
comes across with some of the straight- 
forwardest, zestiest, swingingest sounds on 
records today. Theirs is no far-out, intel- 
lectualized jazz, but just good, joyful, 
clean-beat music that obviously likes to 
make the most of the melody as well as 
the rhythm. (B.R.) 


Ultrahigh-speed Photography 
Coleman, Kenneth R., “Ultrahigh- 
speed Photography,’ Modern Science 
and Technology, pp. 378-386, Van Nos- 
trand, 1965; “Ultra-high Speed Photog- 
raphy,” Science Journal, March 1967, 
pp. 44-51. 


Big and Little 


Jastrow, Robert, Red Giants and 
White Dwarfs, Harper & Row, 1967. 







That's what the girls are calling the swinger with the back-seat 
stereo, electric banjo and portable TV—all hooked into 

the car battery he forgot to have checked at the Standard Station. : 
The name comes from the sound the starter makes trying to turn 

| over after the party's over: a grim “GRUM!” Moral: don't be a “GRUM.” Charge 
k down to your Standard Oil dealer, the guy who pampers your 

| car as if it's just won the Monaco Grand Prix. 
Just so he can say, and mean it... 
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You expect more from Standard—and you get it!* 
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STANDARD OIL DIVISION AMERICAN OIL COMPANY © 1967, The American Oil Company *Trademark 





(ng make-up — 
ma medication to 
clear... protect. 





